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TOWARD AUTOMATIC CONTROL OF PARTICLE ACCEL-

ERATOR 13EAMS

David E. Schultz rtnd Richard IL Silbnr

1- Alnrnos National Lnhantory, km Ainrnos, New Mexico 87545

.4 DSTMCT We dacriba n prngrmn ●iming towmd mtommtic mwtrol of par-
ticle accelerator bewns. A hybrjd npprcmch i~ used, combining knowledge-?msed
#ystern programming techniques and trad.itionnl numerical shnalatiow. Wc w

M ●xpe:t system sZV1l for the sylnbo]ic proceming and have incorporated the
FORTRAN benm optics code TRANSPORT for numerical simulatti. l%. pa-
per ditmsnet the symbolic model we built, the reaing component, how the
knowledge base Mcessea information from an operating beamline, and tho expe
rience gtined in mergin the two worlrls of nun]eric and s’rubolic Amxewing. We
dco discuss Flans for a future red-time system.

INTRODUCTION

There hu hem nlurh activity lately in npplicstions of nrtifit-ia.l int4

ligence technology to knowledge-intencivc domains. We have recently

hcgun to evaluate knowledge-bd, or expert, systems for oolving prob-

Imno in eccderator control. Bemuse there have alrencly been mcmsaful

attrmptt using tkae technique to control otlwr complicated processes

(e.g., EiLaIIclmid Wong [lJ. Sm-hs et al. 12)), one IIU gcmd rc-n to hope

for cucceM in this venture

Knowlerlge-bd system programming o(trn contrMis sh~ply with tra-

ditional computi~ q approR&s. Orw technique that we use is objcct-

orienteri pkogrsnm~ing. This rncour~ea developing a computer model

which rloAy resemblcc the real-world probl~lll, [Ising ol)~ct-orient~d

progralllnling it is easier to ~lPbug, exlJtiIl, Rrt~ vwify the IIIOM, !t is

also •~ier to rdd a new fe~t(~re (object) to tile model, bec~uce a new

ohjccl call illhcrit most of itr rhmrm-trrimtir8 rind Iwhnvior fmn exist -
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ing objects. The new ol)ject then nreds only dot-value chnngca to reflect

what is difkent about thnt particular device. Because of the partitioning

of program behavior— the eascnce of object-oriented programming—this

ncw object will not int~rfere with other objectn.

Another technique we uae is syrnlmlic modeling. Such a model hM raum.1

relationships built in, so -.titms Itmding up to an event can be eanily

dmcrilml (Drown ct al. [3 J). In contraat, the relationships in a nun~er-

ical model are often structural.ly opaque. Thrd is, intermediate eteps.

are not transparently rclntcd to the un(lerlyil]g physical world, and this

n~akcs cauac-and-effect explanations diff]cult. There are many problems,

however, that h~ve M elegant md efficient solution using traditional nu-

merical algorithms. For these problems one should not even consider

knowledge-baued system techniques. Control of hem) optics nppam to

be amnewhere between the cxtrema of purely dgonthmic and purely

symbolic approached. Thus (as in Cle=rwater [4]) the project descrilwd

h~re uuea a numerical mmlel baud on a Fortran code (operating in thlc

l,ISP environrncnt) to simulde kam line behmvior. With the raults of

the numerical simulation always available to the in[ertnce engine, much

of the decision-making in our model is oymbolic in ❑ature.

llRing the Knowledge Enginmfing Environment (K EE) fi~stem, we hAV@

built a prototype knowledge base describing the characteristics and the

rclmtionships of about 30 devices in a typical bcwn line, E&h device

in cst~gorised generically and pertinent attrib~tti for euh category are

defined. Spciflc values representin~ static and dynnrnic chnracteriotics

for each device are assigned to slots in frmnes, Th~ dot valuea arc

constrained by data type and any limitations or rcatncticm on the rm~ge

of the data.

Relationships between the vnrious knltlline dc~ices Me rnorl+ci [[sing

rules, utive values, snd object-orient~ methods. Our Luowledge base

provides * frunework for ardysing fm.dtn and oflering suggations ‘o

usist in t[lning, based 011 information provided by the u(dwntor pllysi-

cints (domain experts) rmponsible for ckuigning Md tu~~ittg the benmline,

Ther~ is ● general- purpou mechanimu for determining device and kmm.

line stmtus based on device-s~itlc critical parameters. Thirn ●pproach

cimplifiea knowledge tiquisition by allowing the domdn expert to con-

centrate on wha: in important about R particular device without grtting

bogged down in trying to specify rules for il.

A pow~rflll graphical il~tmfnm allows tlw opwntor to ‘Jn.mIoe” on Rn

icol~ for a particular item in the cchmnatic of the beam Iinc md obtnin
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Figure 1. 11+ bean)lil~e schen]atic.

Clevicc-specific infornl~tion aIIrl control ovrr tlInl device. The beam optics

code ‘1’llANSPORl’ is ~imd to )l~odcl the bennl tit)? n~lnwrimllyt and ●y

c.hanga induced by the operdor (or ~rl~nps, hy the umkrntor itself)

are nutonlatic~ly updnted on Llle oprrnlor’s dinplny. Other uulncrical

tcchni(ltiea will be used to trike the raw itll}ut wnve fornls and extrnct fPR-

tures so tlmt the illfercncc engine IIU qualitative descriptors with whici~

to reason,

Pmlitllinhry itlrlicntions [ronl lining ollr kIIowkdge bnse are thst nrlificinl

intelligence techuiqua ~nd Lrtililimial I)AIIAs O( nltmorical oinlulmtin~l

cm, nncl prolmbly SOOIIwill, he successfully cot)] l.)incd to provide ● pow-

erflll 1001 for colllrol of mccflcralors.

DESCRIPTION OF THE PI?OIILEM

Tile proldcm chonen ifi tlIe ttll~ing O( the first 30 devices ill th? 1[+ l)rmnl-

lim, Fig. 1, of the Clinton P. Al)clcr&on Mcm-m Phyoics Fuility nt LcM

AIMNOS Nstirmml L~boratory ( LAM P\, P). This Iow-rnergy benm [ rnns-

portU protons from ilIc Cockcroft. WnJtcw iOII uollrc? to II]? first emit tnllcc-

t~]ru!triltgatatioll (Sc]]ultz C( al. 15]). TIIio rclnlively SIII~] IJPRI)I ]ille in of
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ml npl~roprinle nize nud mmlplexity br a first prulolypc of a knowledge-

l.NMed accelerator control syatcm. The tuning goals are to minimize the

cmittance growth of the beam, 10 steer it, and to match the output

emittance to the acceptance of the next section of tlie accekrator beam

Iille. Thcue constrtinlo defiue a sJuall reghm in the transport phuc tqmce

which wiU prcmide an acceptable tune. Each time the ion source changes,

the beam-transport paranwtera must be re-tnned to accolnnmdatc the

slightly difIerent characteristics 0[ the new source.

To indicate the complexity of the problem undm discussion, the major

hardware in llw Ii+ beamlirw includes: 1) two bending magneto, 2) mix

tteering magnets, 3) eight quadrulmle magnets, 4) ● beam deflector, 5) an

RF pre-bunchcr, 6) four current monitors, 7) an emittmcc m-urenwnt

device, 8) a beam-profile harp, 9] two phosphor viewing screens, 10) a

benm scrnpcr with four jaws, nnrl 11) an adjustable sperture. There are

numcrow other connecting and support devica, minor but rital to the

correct operation of the lwnmline,

THE TRADITIONAL APPROACH TO 13EAM TUNING

Mmw.1 tuning of a beam hrm is aJI itcr~tive prnesa involving mwy stcpa:

otee%g, adjusting qu~rulmlm, steeriug @n, hinging deflector pl=ta,

jaws, and npertures 10 the edge of the beam, and hen repcsting the

i)~~. The datm obtainrcl from the diagnmtic clevic= thni mensure
l~am ch~~terictia mm anmlyswl by Fortrnn pr~,>~ running on the

LAMPF VA X/VMS control syrtem. The annlysed data me then UU4 to

gentrate beam envelopes and predict new tunca with ● first+rdcr t pticb

code.

This information is *tilnhlc in n grnphical or tmbular form to the paw-m

tllllillg th~ kwntine. Working With tlie corrclathmrn that can be identifld

in this data, along with kno&dge of the desired “design tune” and use of

particle-tracing cod-, the operator mkc to find ● solution that focuses

and sleera the beam from one end of the bcamline to the othw. This p-

rtiltlre works relatively Al, but it is !ime-connulning RII(I lnk]r-int~nmive,

mquinng close sttrntion by highly trained pernnnel. T!*e operator mud

judge whether the su~’cessive iterations we converging to an uccptabk

nol~ltion. It is no~ uncommon to find thnl the convmgd-upan solution

space irn ~lnncceptaljlc; in such cas.w IIIC work mud lx ●bandoned and

ilie procedure started over. The “better” experts find many fewer un-

acccptal.de scdlilions, i,c,, somehow know how to ●void the pitfalls (local

minilna in the pnranlrtrr epace). PerhapO some bermline tunerc nre c8-

pr,-ially ade[)t at rxlrnctil)g tIuRIIcro frolll graplliral data and exploiting

4



WWERIC I sYPmouc

Signal
runNsPoRT

finalymlm

Clomad

I
Tune mob

ltodel
Loop Expert ndjumt

(rraae~)
Control (nllao) (1-uloo)

Opmrator and hccelcrator Interface

Figure 2. Ovaviewo fsystrmor gnnization.

them.

KNOWLEDGE-J3ASED SYSTEM APPIICACH

Weliav_ cJl~nto useallyhrid {)fMdel-~-d Rcwcmingcwpled with

the bmlt optics code ‘l’’RANSl}(Jlt’I’ ([lr~}wl~ cl af. [0]) to tackle tl~e

benmline tuning pmbltm. We rel>rcaeni tile beamlinc u-ing a ryntbohc

model embedded ill ● K EE knowledge bm.e. It dexrilm the cha.rxtcr-

istics of mid tile relationshil~s an]olig the devicca in the benm line. We

cntcgmi~ each device and define pertinent nttributcn for ench category.

Specific valua are aaaignd in the kuowkflgc l)-? b reprenent cd mdud

device. Relatiolirhil)s betw~lt clevirea mrc IIKKIcled uming the techniq~lm

of rules, active valua, UK1 object. oriented Itwtllo[io. The knowledge base

can be used to:

1. Simulate the devices in the bewlllinc,

2. Identify fm.dty devicca for repair,

3. Monitor progress in m coniplex tulm prncmlnre,

4. Advi= w tuw actions ( ‘What do 1 do now?”),

5. Explain ndvice giv?n, Rncl

6. Identify faulty devices M they aflect tuwe procedure.

The banic techniqlle chosen is shown iu Fig, 2. It rombin~ the cmrngths

of nul~~cric and sylnbolic conlput=tioll ●nd uaea the best t~hnique t~t~t

will work oli mgiven put of the problelil, L)uc to some antici~mted perfor-

mance requirements the pre[errrd orfler ia nlinleric solution, rula utiog

c~l~tured opcr~tor expertise, nl~d, ol)ly na R Iwl rtmort, heuristic wenrcll.

The Iill[lleric processing rollsists O( cloo,w-1 IfwI) control for lnnillte~~mlcc {)(

n stsmfly st~. tc, I’RANSI)O}{l’ for silll~llmtioil {J( tile optics U[ tl~e l~enlll-
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linf, mnd hignd anslysis O( the raw wave forn]s to extract fcaturea tllnt

tail lx col~vertetl to q~lalitative stntca or Alla. This qualita~ivc ill(or-

]Iinlioll CaJI Ix IISA I>y Lllc rlsle myztclll 10 dclcrlnine wllcrc lhc rievice is

in tl~c LIIIIC-IIp pdure, mid when tile device is ready [or l]IC ,)cx1 stage

of tuning. The opcr~tor’s cxpcrlise determinm WIIR1 to {10 at each fitcp

i,) tl~c tllne-up recipe. OiJly WIICI1lmtl~ tltc nllmerical nl)proach and the

recipe fail docm ~he cystel]~ ;esorl LO~l]c heuristic mcll (knob twiddling).

Filldil)g a suital~le t~li~e IJ’,’ varying parn]tletcrs bnsetl o]~ the kl~owli M-

mciatioils Iwlwccn il]l)llt RI:d olIll)ul vnluea is lhc III03L illrfficieul 0( llle
tllr~ IIICIIIMIS all([ is Ijy II(} IJICal IS g~lnrajlt~l 10 Ienfl to all accel~tml}le

solution. ]Iowcver, even SIICI1a Innt tlitcll nltril:pl nlny #olvc a few prol}-

],,na, nnd it Will ‘Ilwly Ilclp the opernlor develop his inluition about the

operatil)g mods 0[ tllc accelerator.

Ol)jects

Figure 3 SI1OWSa tree of tile ~cnsillg rlcvica in tlIc poriiol) O( tllc 11+
Iwul)]ine we mr? Mldrc.sillg, together wi~b tllcir clNs/sUll-CIIUO rCtRtiOn-

ships (dcnokl by ● mlicl Iinc). I.Yt~tb-l Iillu denote particular nmn~l~~

0( a C! US, The cl- SENSING-DEVICES haa SUt.FC]UIU CUIIRENT-

MONITOJW, RMHTANCE-JAWS, EM[’T’TANCF=STATIONS, P13AK-

CURRENT-METERS, mld SOLIZNOID-SENSOR3. Each typ~ ofsensillg

clcvice Ilu n]eulbers (sl~ific itlstsllcti) -lICII u tllc pmrticlllRr rlllittallce

jaw labdled lAFJO1. All s.ctlsil~g devices have certun characteristics il]

con~nlon, These clMs-wirlc ch~riwteristics are inl~rrikl by the indivi{lu~

lllcll~bcrs of the class. Tl~e vducs of tl~c ●t~rihutes ill the clisplny of a

l]~clllber’s slots rcfl(.~ tllc stntc 0( thnl ptr~iculnr device.

Active VnIt Iem

Active vmluce I)I{)ricl SOIIICof LII~ ncliol)b Jf l]lc t~eviccs ill tllr l)cRll)lil)c.
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For exmmpk, there is R method, or procedure, =sociatcd with the active

vnllle attruhed to nny dot (attribute) on any dcvicc th~t haa n act-point

and a tolerance. Active valuea are daeJmms such that, every tilne the

value of the slot clmnges, the method is automatically invoked. The

LISP code in this method could my, for exrunple, that if the value about

to be otored differs from the scl-point value by more than the tolerance,

then thin d~rice is a candidate for king the cn~~se of any problem. Other

evidence will be needed to narrow down the problem to a specific device.



Rensoning

Rules capture he~lrietic knowledge. One rule (in KEE syntax), which

runs through and checks the ntatus of all the devices of a giveu type, is

(IF ( (Xl. CLASS ?BEAH BEAH-DE.SCRIPTIOB) AltD

(= DHICE. OF. I~T OF ?BW Is ?DHIm) AHD
(OR (THE STATUS OF ?DEVICE IS OK)

(Tl!lI! COBDITIOM OF ?DEVICE IS BROKEH)) )

THEIi

(TEE DEVICE. OF. IWTEILEST OF ?BEAA IS

(THE NEXT.SME . DOHM.WFLE. OF ?MKm)) )

Thus, for example, if the devices of interest are current monitom, the rule

saym lhat if you find a current monitor reading that imwithin it. expected

rnnge (or that mouilor is known to be brokm), then go on to consider

the status of the next current monitor downstream.

A closely related rule is

(IF ((lM . CLASS ?BE.AH BEA.M-DESCRIPTION) AHD

(THE DEVICE. OF. IHT’EREST OF ?BEA.M IS ?DEVICE) ABD

(TEE STATUS OF ?DE71CE IS H-OR) AHD

(~ ~HD1’T1OH OF ?DEVIC~ 13 HORKIMJ)) )

(CEABCE. TO (A SUSPH3’. DEVICES OF ?BCM 19

(TB~ DEVICES. TBAT. AFFECT OF ?DE’VICE) ) )

This ruk takea care of the CMC where some current monitor indicatea

thnt tile beam lma disappe~red. All devica upstream from thmt point are

candiclatu for being the cause of the problem. Subsequent rules reason

Aout the value of SUSPECTT.DEV1CE!3 to narrow down the specific

device ●t fault. Note the “wild-cad” variddea beginning with “?” in the

rules. Even witilout knowing the syntax of the KEE rule system, it in

relatively easy for a cuual reader to determine wlmt the rules mean.

We have developed general-purpose ruk, such as those given dove, for

two reasons. First, the specific detailtil rules for some situations have not

yet been cletcrrnined. Second, gcnerd-purlmae rulca simplify knowledge

m-quisition- For exnnlplc, (lmIIaiII cxpmts are WCIIaware of the critical

l)nrmlll?tcrs of cllcII device hut it iO oflt=ll (Iiflicult h) ●xtrnct frolll then]

apecitic rules about Illose devices, A device attribute that is a critical

8



pnrnmeter is given facets reflecting the cxpcctrd vallle, rclationnllil)s, nnd

rcanltant state vnllle. This frnmework slt]jports C!HE(.!K-FOR-t;OOD

and C![IEWK-FOR-13AD functions. CIJECK-FOR-(iOOD simply does

an AND of all the critical paramrtets for a given device. Each critical

pnrnmeter must match the good rcltitionship between expcctcd and actual

values. Likewise, CHECK-FOR-DAD is aN OR of all critical parameters

thnt are ou~ of range. If any critical parnnwtcr hu a value that falls into

a bad relationship with the expected value, then that device is designated

as having a had status-

On< problcm that o’-trn mizcs in tuning an accelerator ia knowing what

d=ta you ch:i bctieve. I)oea the data reflect a real problem with the

beam or is the instrumentation giving misleading indications? We have

attempted to addrcza that uncertainty in caaea where we have a crcm
ci~cck on the data and nome experience in the type of expected fn.ilura.

Current monitors are a good exal~lplc. It is impossible to have n proper

curren~ monitor reatiing in a downstream current monitor if an upstremn

current monitor redy showIv I)o curreut. ‘l%e IIIOS1 likely failure mode

of curr?nt nionitors is 10 read zero. With this infornlation we can uw

the following hcuristir. If a cl~rrcnt n~mlitor reads zero and the next

current monitor downs trrwn hM a lcgitim~te due, it is very likely tlmt

the first currcllt monitor is broken. In that c=, it k safe to note that

fact in the knowledge base and to look further downstream t~ determine

where (or if) the bean] rrmlly disappears. The prcrnise (THE COm ITIOH

OF ?DEVICE IS BROKEH)in the first rule shown abo~e skips over broken

current monitors.

Interactions with the Real World

Our knowledge base WM originally dewdoped on TI Explorer nnd Syn~bol-

ics 3(N10-scric3 LISP macl~inca using the KEE clevelopment systcm. It has

also been ported to u micrmVAX Al workstation tlmi has the ability to

communic~te with the LAMPF control computer. For tlte presen!, how-

ever, the knowledge bme is not connected to all the accelerator real-time

Valum.

.%me data can he ohtaincd fronl the nccrlerator for use in rnlea to cle-

terlninc actions to tmke. Figure 4 shows the flow of information that is

rquircd to get data attached to various parts of the accelerator. The

progranlming mechanism we uac hc[e is an active value. When an at-

tribute is fetched, for example, in the premise of a rule, the active vduc

causes the data to be read from the actutd drvice, Including this capabil-

ity pointed out to us anoil-wr important characteristic of devices. Some

devicm Ilrtve values thwt cllangc -/cry slowly, others cllal]ge frcqllcl~tly

9



Figure4. Network information flow fordataaccms.

and rapidly. To avoi~l the ovcrllrnd or grtting d~ta from n renl device

i]Id chw]gea s]uw]y, Lwo IICW c]laractenslics of eac]~ device were dc~ntil.

They are the time interval that a piece of data from this device is likely

to rcmtin unchange(l and a til~]e stnn]p of when the actunl data was last

obtmined. I’he active due checks to see if JICW real data is needed, i.e.,

tl~e current valllc wad ol~tail]ed too long ago. 1[ so, n request is umde for

new data and the tilnc stamp is updated. If the data is current, the old

data is used.

Until more confidence is gr4incd ill tile acc~lracy rmd CO. .Iktenda of the

nwdel it secnls prude]tt 10 use silllu!ateci dmla r~lller tlJmJl real dmtn.

For that reaaon, we dcsigucd a Iuouscablc sc]lemdic to allow opermtors

to select a device of interest and display a rehtecl image pad which

displays the dues of the intcrating parameters for that derice. Flgurc

5 shows a typical panel for changing or viewing simulated values of m

strering magnet. The operator can thel~ enter dntn fm test purposes. He
Eclccts ~~d chwlgm a (eimulatecl or rent) value by positioning the n]ouse

curgor W] its icon or image pane] and clicking a button on the mouse.

Integration with iVu Iu6ricftl Simulations

‘~a tune the device (or to dia[)lay changcl in tile tuning when a fmdt oc-

curs), wc make frequent use of the beam optics progranl TRANSPORT.

When a bean]-device parrm,eter changes, RU active vaiuc asmcirdcd with

tllnt parameter ~~pdates tllnt value ill a file rrpresellting the u3TtANS-
J’OR’l’ in~)ut deck”. Anotli*r lllell~od thctJ re-runs TRANSPOJZr, whic]l

writes its results to a stwldd outpllt file. I’llis file is Lllcn parsed by



Figure b. Image panel for skring magrwt control.

Figure 6 shows an exnn~plc of what part of the screen seen by the operator

looks like. (This beam is not the 11+ beml~line clim~lssed shove but a :inl-

plcr cxrunplc ronnisting of two qundrl’pole triplet-.) The whole process

or recoli]puting a bcmnline typically lmkes ten or twenty mcomls. Most of

tlue U1’U tiflie involved Rppcam to be sprnl on Utti[lg up the FORTRAN

process and accessing files, not cm the TRANSPORT calculation.

~umericn.1 outputs from lhe TRANSPORT progrnln provide in]portant

pieces of knowledge needed to sehxt the proper couw of ●ction during ~

tuning procmlurc. For exampk, if TRANSPORT rc~rt~ that the benm

is off-axis d 8olne point, w? know thmt only devices uprntremn from lhnt

])oint rmn be tlw caux of the nlignmcnl ●rorm

Fnllowillg tile MRniInl 331ne 7 ,o:wlure

The proccdurc used to set the 1{+ bean~ to screw (Imiml stntc ran he

described M iterating through e@Il nla~r steps in ● tuneup recipe. Each

nlnjor step has [mm 2 to 15 e~lb-tnsks that must be successfully con;pletrcl

l~e(f~rc tjle ntep is considered done. l)uril~g ~ncll pass through the mnjor

nlqM, a decisiol] is mnde on the qualit,y of the resull:tg beam. If tile

quality is anlisfnclory, i.e., lll~tc))cs drsircd characlfristicq, Llle lulIe\I])

l)rocedure in rolllplele. If tllc bemln qllality iu less l!iall desired, Llleli tile

11
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f~mchamgm by clicking with the nmnne mtd entering new values. Tlw lower

two panda show the mrtively updated x- and y- plane beatu centroida and

cnvclopen, together with pua!tions of the aix quedrupde lenses.
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In an ideal world, the tnnenp would be - simpk slraight-forwd fdovving

of the reci~. Uufortun=tely, it neveT is. Dewicu break, wires are I.moken

or changd, vacttnm u lost, or dtware does not mm4 requirements. AU
these ca~ deviations frcnn the daired plan. ‘I’he tuk ●t hand is to

debrntine what can be dwe, if mJclI proldrms exist, that u productive.

That is, gira the dericm and componenh that are (thought to be) work-

ing, wbnt steps/tasks can be done that won’t have to be redone when the

currently umlfunctioning componenh arc limed.

A set of rub is being rledopai to at-lvk the operator cm what to do

next. These Nbm use two typa of information about each item within

a stqc) to make the dection. There i, fiXed (p~ “ned) infocn]a-

lion *bout aacb taak, cacJJ u the devica needed to do it, the next t-k

10 do if successful, the mxt task to do if uwcuccanftd, he a~tcd

due (~uc~ criteria), and ~nired prc-cxmditicma and raulting pt.

conditions. Included in this fixed information b global dalq i.e., cn%cria

for step compktion, step~.tep squen~, and tasks (bat can be done

in pualkl.

The othm informntkm USNI to drtermine if a pnrticnlar task can b+ done

vak fro:n tinw t.n time. It incl~id~ what dedcea are known not tn be
working or wlwthcr n ~nerd (or ● apdflc) CJrohJem hu been fomrd.

Ikkwe s taak u starti, ● test u made to H that all ckices needed to
ucompliah it are ●vailabk. once ● task ic perfornd, tba program chwks

to sce if the rmult mceta the WJcceu critmi~ If it failed, au sttewpt is

mule to identify the epedc problem that caused the failu -e. The job of

identifying the spdic problem in delegated tu the dcp-relat.d rtic oet

[u oppooed to the t-k rule(s)]. O~her evidence & 4 to nurow the

problem down to one or more s@tlc problems. A opecillc problem mhy

rquire adjustment to dcrires or it may indicmte that s certain device is

not working, :f not enough information is available ●t the task kve; 10

dAermine s mpecific prolkm, ● gemral probkm category h amigrwd and

stored fur future use.

Thrm Am two rnodea of npmntin;l for the turw recipe rule set. The first

is called “manual mode”, lU that mode the rule UI clkplays advice ou

what needs to be done next. lti this mode the system can be used u

an adviaor, The operator umkea the final decision on whether the advice

is adequmte and whetlwr it ~hould be followed, This mode is useful for

tinting and to build the opmator’s confidence in the system. The second

imxle is autol)latic. In this mode, u the advice is generated, tlie system



pdorms the (simulatd) snggest~ nct”mn with no inter~enticm from the

operator. The ultimate goal ia to turn on the real & ●utom*tically

with no operator in the loop.

CUIUL.ENT STATUS AND FUTUILE WORK

The following components of our knowledge b- have been built and

tested:

1. A s$mtic modei containing most of th~ information about the beun-

Iine and the characteristics of each device in it.

2. Image panda that allow sinmhtion of tat cl=ta.

3. A few ruka using current monitor infm-umtion to identify candi-

datm for cmtsing [adnre.

4. Active values that propngatc device e~rors to ●flcct the proper cur-

~nt L~onitor.

5. General rulm to identify dcvirc stntns based on crilical pnrunetmfl.

% Denmnstrmtion image panels that dow actimtion of the ruk set

nrd display of the concluskms reached.

7. C!!nveraion of TRANSPORT to run in the LISP/KEE world.

8. Knob panelu allowing the operator to change Au- of the inithl

beam pararnetern a.ml up to six bearnline ekmentc of his choice.

9. Active-image panels displaying plmse apace d.i~ and beam en-
velqxm u calculstd by TRANSPORT, either whrn ● knob is tweaked

or when the operator cnlls for an npdde.
10. A gewral menu for modifying tlw bearnline, adding or Meting

rlernents, moving than NXNInd, etc. This alm CM be clona from the

moureabk mhematic o{ the beandine blueprint.

11. A ‘benrnline spreulsh=tw llmt allows for altmnd.e input ●nd

clIaJqp of the beamline.

12. The ●bihty to save ●d read previously-saved beamlinea.

The symbolic mockl part of the prototype WM developl in abut 3 n]nn-

nwmth~. One man-month wm spcnl on conrrrting MIrl getting the Fortrni,

TRANSPORT code to rtln in the LISP ●vironrnent. The intmfa.ca be-
tween KEE and TRANSPORT ●nd the user hu tsken an additional 4

mm-monthc. While the parts of the knowledge k we hsve built so far

hmndle only s very smali traction of the total problem and have yet to be

full~ integrated with each other, they nonethdesa demonstrate the power

of the s.oflware development environment to cresle uMful models qulrkly.

The next ctepo in our developnwnt of the knowledge base ue to include:

1 i Additional descriptions of the tunrup procedure.

2, Additional rules fur detcrii~il~illg device failure that use diwnnatic



tools be8idea the current monitors.

3. Tl~eidentificatku ~td*~ification of thectiticd parmetemfor M

appropriate devices.

4. Refinement coming from addition of more specific rub to handle
1458solm”wus and leu fr~qnent problems.

5. Other uses of the TRANSPORT code, such as the optimisation
fdity.

CONCLUSIONS

The initial -uIts of onr work )mve shown tlmt knowledge-based systems
mm be successfully combined with tradition methods of numcried sire-
ulation. While only ● small put of the problem has been modeled so fu,
the interprct~tions given by the hybrid system matd those of hnman op
erators. It is expected that additional rules will k able to capture more

frilly the expertise used by a beunhe physiciot. Automatic operation of
fnt we accelerators may well depend on the proper merging of symbolic

reaxming aud conventional numerical algorithms.
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